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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a wavelength stabilized laser 
module which can output a laser beam whose wavelength is 
stabilized highly precisely, has simple structure and is capable of 
miniaturization. 

SOLUTION: This laser module is provided with a semiconductor 
laser 1 , a substrate 7 which can adjust a temperature, a lens 2 
which converts the output beam of the laser 1 to a parallel luminous 
flux, a first photoelectric transducer 5 which receives a part of the 
parallel luminous flux which has passed the lens 2 and converts it 
into an electric signal, an etalon filter 31 which a part of the parallel 
luminous flux enters, and a second photoelectric transducer 6 which 
receives the beam which has passed the filter and converts it to an 
electric signal. A control signal for stabilizing a wavelength which 
signal is obtained by calculating electric signals from the first and 
the second photoelectric transducers 5, 6 fed back to the 
semiconductor laser 1 and/or the substrate 7. As a result, the 
semiconductor laser can output stably a laser beam at a reference 
wavelength as a target of stabilization. 
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1 

tc^tZW&t-TZ 8eft3c5fr(b u— if* c^^-yVo 
[»** 2 ] fttriEJg i JHMEgMrts ±vm 2 

£flsu— 1f*$*~— A*. 
[ff*93] WE^ffu-lf^aWftSrSpfT**^ 

l £fcteflt*9 2 tc|S«o«Sgc« 

thtc z.t*mwi k-tzm&m i ~it*9 3 uns*©** 

£ j£fb U— if * ^ zl — /W c 

*9 i ~tit*9 4 <z> tu*»»cB*«>«*se3e<b ^— if 

j&>KfEtt<z>ifiSgc3frfb u-1f* ^ ~ -/K 

■f £fS*9 1 -fS*9 6 <OV ^tb^ld|B*COffifl:^^b 

mmtf&tiLZtitc&mm? << *>* -e*>* d £ £ IT- 
'S fit*9 l -IS* 3 ! 7 cov>-rtt*MclBiRoSt«35^bu 

[§it*9 9] ntjta^/u*^ — 3e»ftP*PH"caiia* 
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2 

[it *9 i o ] miB¥Wtt !f *sta«ictfc#L-c* 

«W>ttfi£^bi'— 1f*^*— 

D= (1 -Tetalon/TLD) X DO 1 

mm, DottMiB*»ffu-if^»iBi-5afR^jftftcoM 

Mis i t»k Ifc i # ©«fi»fi©J ftit? feS. ft 

[tt*9i i] mmy^^pfc. ^^fy^^^om^^ 
3fii*9 i i o ov>Ttid^cistt^«fiS^k 

^-r5ts*«i l^ia^^sefts^bu-if^^*- 

[8**311 3] ' flrtB7-f/u*#, «rlB»2«:«aESI# 

t»*3Si4] «hb7-</^*k Hfjism2^m^m^ 

^o^ffijitc 3 — r ^ ^ ^ J: 9 $ ttfc ^ t &m 
aii-5it*«8JciB*^iK*^S^^-if^^3.- 

i 5 1 miis^ i ft***^a 
jo ^uyci^^^#mi:"r5ff*«i'-ft* :, si 

[«*g i 6 ] gtris^ i ^m^m#a^^®^. a 

i i 5 o^t nd»^iE*co«fi3c^b 
[ti*9 i 7] «na*»*u— sfsfts, wssurs!^* 

ibir ir«:#efci:i-5)St*9l-fS*9i 7(DvW 
Jc1Ett<o«E*SS^b^— tf^v?*-^ 
[ft*9i 91 u— «f*W**ai:U-CJt7r-</<Sr 

<h « 2 ^m^^^a t * leu*** s n 

^ ^ ^ t^iM i -riM i 8ov^n 
*^cia«(D^3e^bu— if* a— 

50 [000 1] 



3 

[0 0 0 2] 

tt*^b*W#u— 1FjWBv*&*u-C^*. »i:fti 0km 

(CD F B u— -jfft if Ko^»fl:u— IfdSffiV^ 
feti/O^, tii-edttflWEDFB u-lffl 

sot, cm^T*o^7r^^^iSft^^-7"^(c*3V>7: 
5J:5ft«!IWSfTbht#fc. fi*Wle:tt^»»i^-if 

J: 5 left fctf* ro«fio^bfittffid^*<o-^ 
3k<r>%yr<< ^mm isXT-WZtttebA, t'fflMlz ft <b ft 

[0 0 0 3] S^tcft5^r, i*(Bft:7r^ 

WDMJ O^ifc^T'f^alft^^X^^^attcft 

19 oofc r> . &m £tizmk<o&M8L&<owimt> i o o 

GHz. SclM45 0GHzfc^lC«S< ftor&-ci^ 0 

ttwcSEfls u % r. Rgjatc ft 5 t *f 

[0 0 0 4] w-lf <0»««*<0«»S:MJ^ ftjt 

L-CWBH¥lO-209546#^««. EI 1 9 tc^i-J: 5 

tf * » — /l^ £ OTJ^O^r-^ lCA|X#rt $ tbfc 
tt*SB«bSS«l 2 8»^ltv^o wCOSES^^k 

gf 12 8H 3fe^T>f ^fiaSBl 0 8*^^7 1 0 

Rg$^t:gti 2 SfcLfct^ K'**^-f ^ £ ft 6:7 
^/u* 1 0 3#l*«£axTV^T\ 1 0 3co 

siio, inn ^wffu— if«>*««*^#ur 
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g«<&ifcft£ftSJ: 5fc:7>fA'* 1 0 3, *5<tt/3t«lttJ 
*l 10, 1 1 1 SrllMEUr*5*, 2o<z>3t«ltti«i l 
0, l l 1©«HJ»«WI<4« J:5(C8*14V^ 

[0 0 0 5] ^OjKijcJEfldSIt 12811 S*«K1^ 
70 S<OTJ3iij*ic^;@^-<--^^^cft§ci:^ K 

KWSEttMS 112iCj;i9:7^/l^l03 

rififlCK: J: 5Sil»tt©«fttifltt-B <fc 9 ft#SUft« 

mms&^^tcftSo 

[0 0 0 6] ff©»»«*«>aE»«:»xft3e 
l0 3lciltU 7>f/^i0 3^Mi:«^ 

jo *4vefttt*a* i io, ii l-cttmurwjfu m 

7F Lftv^^# if <otaK©J»^tci7 >r — K/< y * 

-rso »i^«e*w^aft5^i ^^bogti^-r^ 

r<o^«tffttS:^«i 1 3lCj:oT^^/l-^ i o 3(D<&m 

[0 0 0 7] U*>b^2CO^0iJjC*3V^, ^^f/U^l 
0 3 (O^S^rfiM-r 5 i > 7>f^l03 <DRM%<DJ5 

fo&mttz<n^&&ft*&m'rz>xmm&i io« 

^0 V l 0 3^SSrW«Ei-S£il^, 1 0 

3<OtaffiSrW«E-rs*jSfe, 7^/^^ l o 3 Ol^f^ 

[0 00 8] *mfris-1?<OftMfc&<Dmh*Wz.$:7£ 

mi^^J^i:T/m2 0^^Ji:^ft l 9. ^ 
iSffcu— if i o i^bo^^^ft#ttcoftVNfcr-A^ 

jo ^-r5 2o^3t^w^i io*5j:tf*ma»i 1 l^atr • 
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7>f^ii6OTU^o -WIS*. fgi*5£tf 
»2 0tS*ffililRl«lc2oo*«itt3»l l 0, ll id* 

t>«S^«S*^fc*5fc*l£7>f/u^ 117, 116 
(i2o07-f/^ 117, 11 eiCfctbTV^ffrfcaKfl 

ytzm^x^ztub* fcafwfls&fT5 8£. fi*tb«i i 
o, ii x<Dfom*m&i-%&&&^^m&&&z>o 

[0 0 0 9] b*>U X-<-^OPSP>^^*U-1f 

y s/* l l 5, *jJ;^(ou- if$g^ftoft«i£f*SS 

^p^c^a^ 1 1 7, tamai i o^Ke-rs^f* 

0 l^f>(Dttilt^;^u>'X/ < c^lcJ;!9 spfir^i^iR*-*- 
t Lt, if 1 0 1 ttJt«tt*#ftjtt«*|-C* 

iio, ii i*wiMasa<ft5«cttv>3t*aafcBE 

/w* l o 3->oA^^# <^^6»At*jiB i 

IMBB-t-Sfci&lc, ¥gp*w- If 1 0 l^bOtUJH-^^r^ 

StfUfiPU WMl^t^tfe^i/yX, :7^A- 
* 1 1 6, 117, fcT-A^y *«lttJ* 

iio, ii ^tb^o^5p a pcoe:B(D^>b^ 

[0 0 10] !f©»IB«*«>K»«:»^Sc3fe 

^^^^#brMil^ 5 ^>^^m-^<J:^#6fci6 
uyX 10 2 £r/Bv>T¥»# if l 0 l frbnm 

*«rfi*»S*fc^>f/^ 1 0 3{£A#t£ii:> -t^iSja* 
£ 2 ocDgft® 1 0 5, 1 0 6 «:Wi"5*ttttJ« 104 
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6 

ft® 1 0 6 <b ICA**?" 7^/^103 (CAltf 

5^-CA»^^^^tU^o"CV>5 0-C lfeO^ 

[0011] b^b^C0^4CO^^JlC*5VNT^ 
#tc*»**^*«M#!&*-0k t> s 2 oo^ftffi l 0 
5, l o 6"C#e>ttS7^/u^38ifl*^fl*i4tt, t^^X 
10 2 ©flMofc^fcfcfbfcf* 3 u-if ^cofetfe 

gjfeSi o 5*5«tt5S*Bi o etcAlti-^^t^^H- 

JEi-s'jfiJSf «tff,-7-fWl0 3O«a4:SI 

[0 0 12] 1f^>*«»*«>aE«i«r»5tSc3e 

20 B2 6^«-f«*5e3t<bS6il*BI»b-CV^5 0 r<£>$tfi 
ScJ&fbSIBra:, tf 1 0 ia>£<D^;frffl#tft£: 

tr-A^^y i i sicto-c^iftb. — 2ftf>#Stffc 

ti^^/U^^il^-flcai^^tii^l 1 OMAttbTft 
»ffilfctfcW3te:ffiv\ fdi^oftte^A^ 1 0 3£IibT 
*»fctt»l 1 llcA*tb«**fflffl^v>'CV^ 0 

»g\ i o 3fca*ftv^«:«kffl^s*aia« 

i l ooftl»5-Slu^5 J: 9l:SMt5^ilcio 

*fcft-6**a*l 1 lJ&»bcoi±J*«aSSr*>S— S«I 
o icge^b-r^w^t?. 3tia*i:*«**^*BI»lc 

[0 0 13] b^bPfibftfc*^-*^— ^ 
^u- ifcom^^^ir^t-t'-^^^y 
**tp«*Sc^boy5:«>©*^»Sr«a^5&trw <h l**^ 

IC. ^R^«^#«:u-lfioWi+*t¥«**^JR*i- 
*^lcu>-X^}fAi--5^, ^<ofc^^^p p p^^JE 

[0 0 14] 

if<ojK*ge^b36«tt, ^-ftvt>gj5p p p^S5c^ 
50 b fix v ^ 5 if un&#rr 



-4- 



7 

5r£asastTfcstfa»0-cft<, &7£ikv>nmt-rz> 

ft<, ^frhmftmaz&7£it<Dnmk^zmm$i$:Z 
m&x®£\c^mmm\c&j£-rzzk&xzz>. 

[0 0 15] 

¥fT3te*^-«*:A*t L^<Offi^e<fc# Ur^^^il 
*U «rE«i*««S^«feJ:t«B 2 

[0 0 16] *«M^S9Eatft3c^ku— if^e^*— 

it 5 7 /u^ srii i^tcm^m 2 %Mtm&»& 

Lfc«««[^-ttu-e*tSllSt*!l»&ixS. mjfB^^/w^-e 
if <z>&A«flfcfc J:t//*fcttllWBa«»l«*«lc7 -< - 

»iu »iittft«cw»«icie*«*n*:u-if**:a* 

1f<^3tttJ^^SS!i36 5 8l^a$ttTV^50-C, i©W 



(5) 2001-257419 
tc L fc« # fc le L * v t 5 *6 te 

^ <b ttr v tr- a * y y -/ * * ^o^p n 0 &m v > 
^v^t, «ftjft«a**ft<* *j»<WJMff-C« 

[0017] Mism 1 *«ae«^s*5 J: tfsg 2 #m^gi 

^*JC3tfiiSK^e> if *^-fflSr»tt-f 6 - £: J: 
[0018] mriBMis^-c, tfotuit** 3 ? 

«*s«rlB7 >r (cAM-T 6 J: 5 u-c**o« 
19 ^co^^ttiia^ 1 3t««»#®^A4ti-S J: 5 l-i" 
5r<bT% 7^^^^<05t<OA*tftd5A4tffiffilc«toT 
*4 8 r i fc J: 5ai«Ht^©lH»#ft < ft 9 , J: 9 

5 MflBlR 1 *5 <t t«B 2 ftS2E8!^« it S S^t^ffi ^> 

em 1 * 2*m*«#aj-m»tT-ttbW»jiou 

[0 0 19] «WB3pfT*K«>WT*. «Tft^^5t#iC^ 

rnic J;ot7>f;^ <^$|S{4(c «t o -C Alt £ ^ 5 ^ft ^> - 

40 ffiftSt«^^b^^"C# 5 <t 5 left £ 0 
[0 0 2 0] ffiJia^-f/^tt, 

^Sp&S Sr-&tfjftftfflr«rtrKfi<o3Eft lefts ^ Sifi^lE 

7^/u^Sia*«0MfflSE{b*fett«P«l^bt ttS2 3t 
50 [0 0 2 1] ffJlS^WA-^m. A»«i<oHfl5leJ:ot:« ■ 



-5- 



(6) 

9 

ic-r 5 w t tc j: o -c ttft^n m-f 6 ttfeuft 

[0 0 2 2] aftE7-f/u#tt, SfIiB2*R&g£-&£ftv> 
jfeft»«tcio v >-caiB** s **: t ft 5 it ngcb k ft 

[0 0 2 3] HMB7>r/k*tt* S^S«-h»c^m»:#@ 

[0024] * fetter -r/^ra, — ffiftftWPB-caifi 
£ «^ £ 19 jsraawHiM & ^ * n 

ft<b*:jia**S d £ *5-c# 5o 30 

[0025] «rE*w*v— ^i*> ^icfe#b-cm^c 
sSi ic^otK^ntv^itwt ut\ 

D= (1 -Tetalon/TLD) X DO •••^1 

MM. Tetalonl*^ n >-^^ >< (OmjSttf 1 
bfc^tco^^&So^bS, TLDttSfrlB*3!t«:U— ^ 

[0026] mtvuw^ ym^mtft so 



4fcffl2 001-257419 
JO 

7^iDMWii5^«^M^^tiH y4/\>9<D 
-■»ht5Ct^ttS 0 S i ttaWt»JB*f*35S«3J 

[0 0 2 7] aMB^/i^f*, flfrGft2%*Xtfe#ftlc 
i^$tiWtt)J:<, £fc!&2ft©^m#i£<og#;® 

<o»-&«v>"ftbt», ?<<^**:%\mb L,Tffi.fr&tfm& 
[0028] mca* i <b m 2 

[0 0 2 9] iulSJg 1 *«fC*^©^S*ffif±. A&tft 

[0030] «ria^«* t — if a^RjRSi^sf 

-C#-5 0 *»fru-if35S«#»ilZSi**(*3t*9S«^* 

-iR^cfflv^e>i^•rv^5DFBu— tft 

9tc:ft6o 

[0031] «ri5®ansE#att, ^^**dF-c*>6 

[0 0 3 2] *3BMO«tftSc3£<bU— 1f*^a— /H4, 

ft< fct>«E*Wffi — iPfc«fl»ra**fcW**lc 

SEft^fl! ^ ^^-/r^^^g ^ tit ft 6 C <!: 

&<b3fiB<o«ia^«3ft s ^ft < was t «s t?*>s - d> 
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[0 0 3 3] 

fpj h u m -t £ t> <o -c «: * v \ 

-if a> b temscM $ n 5 m#*# !r«T**^^t 

6 ^tttl/^o 

[0034] ^/^^m^&mx-tc 

Stt 7 ictt«dttrKlb^o&A^lU>r« 5J:3 left 

oTV^o x^yi7^;^ 3 1 tt, H^bftv^ffi 
MSS ttMft (c J: o TAlt^ d*«ffl5 t?#SJ:5Jcfto"Cv> 
5o *fcJBl*«** J F5fclB2*fi*lMII^6i: 
tt, H 2 |c*i~ J: o fia»WR4 r 

[0 0 3 5] ccojSfe^mo&gge^ffcu— if^ev^ 
yf7^y^3i te, n co AM bfcftcojfcft ie#i# it 

&3S^ 6 (C AM B iC^gl * n^>c 

ttj^fs^^mor^^, «wn§-Bra, ^#u~if 1 

[0 0 3 6] «ft«#A £ «««»B £ «\ ^1S»1« 1 

B8lda^tb<S 0 »JliaB8rt:, ft^fi#ACD^fba>£> 
if l t0ftffl*(OfE»*tt*nU SLfTfcttfJ^S 
Spffl^fc^SrttJ^iifWS-i-fc LTH^Uftv^SfcAIWfc 
WfflSSBJcatttt^ 7 w - hv< y ? U if co 

*Ui*S:3cS^S-e:5 0 . *fc»»lHlII&8 Ht. «»«#A 
£ m^if ^-B <t Sf8**»«r«t 9 

3g®^co^-<^ h/^7*— ^=Sr#iLT> ^2»{£w—if l 
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ft v ^^{fc if coaAS^IB^^ «t r/S«R 7 jcis; 

b tufcX/U^ * CO V ^jft,J& ft nMttz 7 4 

— F><2/*U ^JxfcJio-CHMIMti/— if lcotU^iK^ 

[0 0 3 7] gmteIR i co^^S^u-if^e^^-^ 

[0 0 3 8] fttC^nvS!;?^/^ 3 l:fc£tM:COf£ . 

<t o T *«(^»5V ^giUcoftfctt Sr3f ifl-T « 

A (1/100 SfiSft) tcspfgflFlBStLfeJSiESdoW 
ft*^^^-C*>So ftt±BW*n<&#7*lW?*fi 

H4tc^i-J;5lc«fi^#b-caia^i«v^5> 
£ ffiv^#*** «9 5g-f-383S«Mt«:J*o7 >< >\>9 b ft ^>o 
H4ic*-j-aai*tr— ?<OfflMteF SR (@*^-<^h 

Pi : Free Spectral Range ) £P£tfftTl^5o 
50 C © F S R * *JS8RO*ffit?St t , fttmW. 

FSR=c/2nd •••^2 

d ^r^l^-r^ r. JcJ: oT^^ n >-M^ 4 V> F S R 
[0 0 3 9] «*JcftftWJ»«rfif5fc*b-Ctt, 8 51: 

40 coB^<!:-r6g*Pi£S AO *5fi[Hi~6 «t o K-Wfc^r 
5 0 aKB*^^^ h/w±-cncoS2pi6^ xo tmw-t 
Z&&&&&7£itMSbW&^b\C't2> 0 HSIC^-C 

i-S*&Sr#x.5. wC0££, g^?S^A0 fcft^St 

t>/J^<ft , 9, iStcg^^AO J: 19 tffiVM^ttaifi 
50 *asio ct»9t ) ^:#<ft5o • 
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sf+5fi^Sc6iftft*«rt-e*>ntf, Sifi* (i) <£>*i^ 
ma-rz^tti-czzo ^tt, siB* (i) 

[0040] ic-ewjttf***^' ^ io»*fttt* 

#2 OmWtftScfc »1 5 "C*a**t 

t^Wff^— 1flOS£A*aES:»J«IL-C*5<. COJRffi 

6 03t««c^S»SSfEffl 10 
i: 45 J: 5 v-lP 1 oiaKS:9J»i-tvtf JKfigc 

HHS"?^ — HV* j/^/V— T/Sr^/ftbTt* J^U AD 
=i >v<— $ T-fi/ * ^f- * tcXJfe L =i V tr a. — * Jtt? 

[0 04 1] D6 (a) , (b) iC^-Tct 

^»fls if o»«tt«tt, *-T-oia*r*^ «9 -eft < * 

[0 0 4 2] Hh1R<D&llC % iftftgcJtfbt"-^^ — 

AS4r*tfM*J«ffl«>M<0«»o43E, *Tft*>*>dI 
/d A iK^3c^t:co7>f — K^s^A"— ^ 

X zn^n>'M> r ^/^^COAmttcSS:W^t-^:#< 

#c#-rs 0 i-ft^-feAWWffi^RW^^^v^a^tt^ 

/u*lil&ICj£v^i&ftfc 0 — ^*r»o3ail»tt4:4 9. « 
3i^o^Si7-r/V'^<OAWitffiRl*** s ^Sv^#-& 

0 t>KJEfl2^TISft«**««**:* < Ufcv>»* 
[0 04 3] ftib\ ±iB<o«*se««^^riBft*<*« 



(8) »BB 2001-257419 

itsci^-efc^o tt*ftjeft^"BrtBft»*«*r 

j£< ^fc^fi. FSR^<U ft*J*»oai^n 
d I /d X sis*ft«»b*:ff 5 oic+#ft:*:* £ t?«>n 
ffigtf) FSR fc^-J- £ a: * n ^§2:7 -< V * 5 ~ fc 

[0 044] *J»WO«*»*ffcV/— IP *v?zr-^-C 

Tjvf <fc 9 f*x^oyl7-f;wd r ©FSR4rlOO 
GHz (0. 8nm) fc #*JC«V>«[^H3e U AtUtfficD 

Kft^ffi^Sa ^*3JtS^fBtt*»JC*# < ft£o 
r^-C, 3L^n>-a7-f /^(OAitftSrScmJ-fi^** 
u^my J frf<Z>F SR^MS (b) . 
(c) <D£0\1L*S7 hU SfclC^^o^gJ^/V 
20 18 (d) CO J; 5 I- tT— ^F S R 

sp*sffi:T-**SC4:ft^oa*d*b. aMWrtt^WB* 5 * 
$<ft«9, 18 (e) JC^-TJ; 5*Ctt*ft36-(tASe 
-eo4giB^h*<ftSp r.o«t9^*»W^jKfi3?^b 

pyl7>f;^ 3 l^SSrWaE-rs^JtT?, 3c^b"f- 
[0 0 4 5] ji^oV'M^^^^ 3 1 <£>:ftS£r^fb£i2: 

■ct, 3t«W«4^3ttttti'ixftv^-c. 3c3fe<bi-5 
os^(c^-r6tt-^os^ 5 -^c2 tcfts^-e^^bf 

5 ft if > 2 0(Dj|fI/^«t5^fco/ l C^, 

i&HasftVN, rftt>*>. **W«4CQffl:Bi"tvft^ic«' 

[0 0 4 6] tC5T% f**^ 

m^z7j^*<omm<mi<r>ffim conxoffm:) ^ 

50 u^X2!CJ:9iR**ttfcWT*^<oWTft365B 
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Clefts. — ^tl^^pyl7 
itflOOpnSrtttSi, »«0*"CDWDMffi©jj[fi 

[0047] ei i 8 \cmm<D \?—j»miftft t 

(B4:OBB««)-«*r»-*-. Hi8tt, JB 2 
O>f><£.^&0. 2mm-fixTSa©$tl, £fc W^X 2 C9£® 

lcS^i--5fc*lcg:3fe»^*i«rl 0 Opm^Tlc b <t ? fc 
(if— AfllfWSfl) te±2° Wt^W^i:^t 

f^v/a-;ni, BUte*"TJ:5l^ S4E7_hJC3t7r 
m<oV—$x*2 9ts:Xibmffi£ti. ^agfflcu-ifi, 
^-5, 6 -£«;tfc3fc«lfcH»4 

(004 9UlBL<RWLfc«t5^ ¥*«:w~1f 
[0 0 5 0] (?M»gffi2) H9f4, *»H^MWBffl 
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Si^uv^c rttije^bKiij fctt, ass 

^JSK^>f 3 2£r^TV^5 0 #JBI*7-f A'* 3 

10 2*ffi^S»8\ ^7^Sfi©fS5:fff(uKSt5C 

[0051] mmmm3) n oi^ *&9W9as3& 

tt, »S«Si#ttOfc5«t«:ft5fc«>07>f;^ 3 3^ 
-^©^•SE**^ (»2*«aE»*^-6) icflADWtt 

20 Xt>. »i2-Cffl^fc»7^^t'$)0-Ct), 
IIJ6»flBi*fcfi:IIJ6?Kffi2^tt:-<T»C3>'^^ Mc 

[0052] (HJSMAM4) Butt, *zm<omm 
[0053] (^js^ffi 5) m 1 2 

^tltl^O'C, — ^tC^V^ btVCV^S D F B ^ — if 
50 ti*-Z*Z>mM>fc1hZ>o 
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[0054] mmwms) inn *&w<d^mm 

9 0GHz(D:x.^ p yi7^/U^ 3 5 Sr/S^T^So 

[0055] mz&&»imm¥mfri>'— tncov^Rw 

?T*y7*&?toZbfrXZtU3 s hU^(D^tzi1-m 

9 ft fcg^^atw u-if (omm&M* o r t r v > 
ts 0 -r^*^. DHic/Tn^c, ±i 2TOti 

^taS^r^b^-^SC^lC^oX, 100GHz(0. 8n 

[0 0 5 6] ^^e^S^^w-if^ev?^.-^ 
fcgfigpi£l*i-cD^*p yl7^;^^v\ ^{b-r 

[0 0 5 7] ^^lC*5»tS^^^bU— If^-v^- 

rMW^^<t^cbtv>6o-e, ^3#u— 1F1 
2 ^^^(D^bic ty^oxs^ 7 co^as^b-r 
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HI 1 5 (DTmcfF-tX 0 frfc^ft^te^-r <£ 9 ic 
ft£ 0 ^fr*^ ^S^<DF SRJItgCOF SR <t«9 t>/£ 

ttF SRiDWDM^^AORSMIB-C&S 1 0 0 GHz 
(0. 8nm) ic^-TSJ: 5 JcK«-rtttf , 

[0 0 5 8] MlB^^n>^^^/i.^^*Dtt67ucOF S 
R£H$J#J&F SR^tt, :ox^uyS7^y^M 

D= (l -Tetalon/TLD) X DO •••5£l 

[0 0 5 9] tt*»«E¥»#W— !f 1 2|£*5^ 

So (ill ^{CfcV^T, chl)6^ch4^-CC0Sg (^^T* 
H1 5 5 5. 7 5nm-1 5 5 8. 1 7nmlCf^^-rS) T* 

fH^.*«*TOiNlffu--» , «r«v^a. chi^ 

^>ch4*T^»[aKttia i 4\z.7F-r£ ?tc x ist, 

2 6t, 3 *5.fctf4 2 £ C'C^So ^ <£> £ # TLDtt 

^)0. lnm/t^ Tetalonte^O. 0 1 nm/ <C £ ft £ CO 
t?» H^jtfj&F 1 0 OGHz^-TSfc^iCfi. ^n* 

pyl7^;v^OxOF SR£9 OGHzlc-TJxfcf 

■Htrntf, #fi*-coaia*o«*«flptti4BB i 5_h 

&<D£?\Cf-j;K) , 3iaW*F SRttBl SOT^OJ: 5 
tCl 0 0GHz£l5l£«L<-r5r£as-C£<3. <fc 5 

[0 0 6 0] StrIB<©WCtt. x^Dyl7^/v^^SI 

^^^ooM^fflv^T, fsrco^o^ps, ::T'ii5 o 
^co^H, ftv^/H'«l:(:7^- hv<y ^yu— ^ic 

[0 0 6 1] itJieoW|"Ctt7C<D3i^a^7^yV'^<DF 
SRi: UT9 OGHzCO^JSr^U^^^ rcofl^^^p^ 
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[0 0 6 2] (HJfi^ffi 7 ) il6lt *&W<DmMM 

m7\z&VZ&&&7£ikmw<D&ft&7Fi'X^z> 0 HIS 
«*tt#14co«#S:»6/ta?)(Z>7-f/u^^ ITS iSW 

co^v^s i \cmz&z-z^tnmm-e$>z>o s i 

[0 0 6 3] Hlc. S i tt^^f^^«t 9 fcJBW*^ 
£ 0 WfC, F SR£5 0GHz^T^Stf>/h£vHfit-l&£ 

1 ttm&ft*^ 5 tcAlt U-C»»f^Srffl < RTfBtt*** 
5 0 i©t*7-<^SKfc ttS i SrfflV^St, FS 
R ri* 5 0 GHztf>*&-C V A <OW * fi 1 mnSS fc 4 

[0 0 6 4] K±««Ufc*jai0»lBllC*3VNr, ^lfc 
V* 2 o^«ffiJft*^tt^tL^tL*«:<DSl^Sr^J It 

[0 0 6 5] 

*9**e>«iaj«**s*4< , *^<— 
[ElSOfffi^gft^] 

[0 l ] *«H<o2ltt&tt 1 Sr^r«*H"C«>5. 
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im 2 ] Hi ^feJtS^aSSr^^PKH-CfcSo 
[13 3] mi Jd*5»t-5 7>r^<o— fl»JSr^-r««B|-C 

[B4] =.#u>>m7>< fr* <Dm&hwgk^b<omvk 

[HI 6] (a) *5j;tJ6 (b) fct, ^««:u-if<Z^t|±J 

[B8] (a) — (e) fi, ^P^S^/l^lCjo 
1T*£>£ 0 

[19] **MO||Jfi^ffi 2 K:|3tt*i&ft£5frffc3£« 

[iio] **w<onis»ffl3^ibMts«**^bKa 
[(Hi i] *»w<ojtiii»»4ic*5tt5««j?3eft*« 
[Hi 2] *5BW<oiiS6»«B5^*5*ts«eft^^b«ia 

[013] ^WoSafc*«6lc*SJt5**K3eftS6« 

[H4] 3i^n^M7-f/u^<oaia»tt^iaftts#tt ■ 

[Hll 5] ^^nvSJ7^^^0^i§^tt^mS^#^ 
[die] *»WoStlfc»!l7*c*5i+5jB[«S?3efta6jl 

jo sr^iin^ia-efcSo 

[117] u><X^mft<D¥-ft&&^1rffl&m-?hZ>o 
[118] I*— AfiHWi ^S*tt*«pmfcc0H«S:^ 

[119] |6*<o«*S?»b3S«o-«*:*-r«j«H"e 

[12 0] 11 9 0«ftSc^bKK^ffl«:RM-t-5fe 

[12 1] «3l50ttftK^fc;Ka^ffi^--WI«:^i^ldt 

40 [12 2] KS5<ojKftS®bSltt^3E*-ffi^— WSr^"** 

[123] 12 i<D&&&mk^s<ottm&%LW'tz>iz 
[124] 12 i<D&&&mikmM<oftm&&wTziz 

[12 5] V£&<D$L&:&feik^W<0'M.fci&<D— 
.50 [*ff*©RW] 
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